Abstract Earlier theoretical approaches to manganites mainly stem from magnetic framework in which the electronic transports are thought to be spin-dependent and the double exchange plays a vital role. However, quite a number of experimental observations cannot be explained in the magnetic framework, yet. For example, multiplicate insulator-metal transitions and resistivity reduction induced by perturbations other than magnetic field, such as electric current, are not well understood in this framework. Here we present a comprehensive analysis on the magnetic framework and give a Monte Carlo study on the resistivity of a charge ordered/disordered model without accounting for the spin degree of freedom. The result shows a colossal resistivity change as a resultant of the transition between two types of insulated states. This transition has intrinsic difference from the popular insulated-to-metallic transition in the magnetic framework. The present scenario can be used to explain some experimental facts for electronic transports in manganites, which are not accessible in the magnetic framework.
Introduction
Manganites, typical strongly correlated electron systems, have been extensively studied over the last decade because of their colossal magneto-resistance (CMR) effect [1] . The general chemical composition for manganites is T 1−x D x MnO 3 , with T a trivalent rare earth cation, and D a divalent alkaline earth cation or Pb 2+ . In mixed-valent manganites, the hopping of 3d e g electrons causes ferromagnetic coupling between localized Mn 3d t 2g spins, resulting in a significant resistivity reduction under external magnetic field. This is the so called double exchange (DE) mechanism. Quite a number of theoretical approaches proposed to explain the CMR effect and relevant phenomena that are based on the DE mechanism, with additional interactions such as Hund coupling, Jahn-Teller effect, Coulomb repulsion, including antiferromagnetic super-exchange. These approaches are all classified in the magnetic framework. It should be noted that the intrinsic large magnetic field that is required for CMR effect and which causes imbalance between high Curie temperature (T C ) and large magneto-resistance (MR) make the magnetic applications of manganites challenging.
Recent investigations unveiled that manganites are intrinsically inhomogeneous. Phase separation (PS) and percolation were repeatedly observed through experiments [2] [3] [4] and were also predicted theoretically [5] [6] [7] [8] [9] [10] . Conventional theories in the magnetic framework take this PS scenario into account and emphasize three fundamental facts: first, because of the DE mechanism, ferromagnetic (FM) phase is metallic while antiferromagnetic (AFM) phase and paramagnetic (PM) phase are insulated. Second, the PS structure consists of FM metallic clusters and insulated regions. It is argued that the PS structure on micrometer scale is induced by quenched disorders, in which the percolation of metallic clusters embedded in insulated matrix may occur. Finally, the insulated regions can be partly converted into metallic phase on application of external magnetic field, which is characterized by the raise of temperature T IM for insula-RESEARCH ARTICLE tor-metal transition (IMT) and enhanced MR effect near T IM . In accordance to the raise in temperature, the Curie temperature (T C ) is raised, too.
Indeed, the magneto-transport behaviors in some large bandwidth manganites, for instance La 1-x Sr x MnO 3 (x ~ 0.3) [2] , can be reasonably understood in the magnetic framework, while some anomalous properties that are observed in other manganites are not accessible in this framework. First, most manganites are facilitated with charge ordered (CO) states over a broad doping density range below certain temperature T = T CO . Although the CO states may be melted under magnetic field [10] [11] [12] [29] , which also is incompatible with the magnetic framework. These anomalous behaviors allow us to appeal for a novel framework as a complementary to the magnetic framework, which will be the objective of the present study.
Charge ordered/disordered model
In general, one is allowed to argue that the electronic transport of manganites is determined by both spin correlation and charge correlation. For the spin correlation, due to the DE process, it is known that the nonzero angle between spins of nearest neighboring (NN) Mn cations restrains the e g electron from hopping. The as-generated spin-dependent resistivity is expressed as ρ s . upon the magnetism transforms within the PM/FM/AFM. The variation of ρ s upon magnetic transitions among the PM/FM/AFM states is not very significant. As for the charge correlation, the resistivity due to the charge ordering or disordering, expressed as ρ c here, can be even more significant. The total resistivity of the system under investigation is ρ = ρ s +ρ c , if both spin correlation and charge correlation co-occur. Obviously ρ c depends on the fluctuations of the charge ordered states. That is to say, the variation of the total conductivity does not necessarily correspond to the fluctuations of the spin correlations.
In fact, the charge correlation is more important than spin correlation in terms of the colossal resistivity change, as revealed experimentally. In many cases, the conductivity is independent of the magnetism, although the DE process indeed combines metallic conductance with FM state in a few special cases. To illustrate this idea, a preliminary Monte Carlo (MC) simulation on the electronic transport of a charge ordered/disordered toy model is conducted. Here the spin degree of freedom is discarded, i.e., no spin correlation of electrons is accounted. In this model system, the NN coulomb repulsion represents the sole origin for resistance.
The "spinless" electrons are distributed in a three dimensions (3D) L 3 cubic lattice. The Hamiltonian of the model is:
